The resistance encountered by a body falling in a viscous liquid is given approximately by dimensional analysis as R kdvgpg-l12-A
where d is an appropriate linear dimension, v the velocity of the body, p the density of the medium and ,u the viscosity of the medium. When the resistance exactly balances the force of gravity the velocity becomes constant and is given by
where K is constant for bodies of the same shape and p' is the density of such bodies. For small bodies falling slowly in media of high viscosity, the resistance will be determined by the viscosity of the medium but not by the density. In this case q = 1 and v cc d2-(p p)A-1.
(3) This is the general form of the relationship deduced just a century ago by Stokes for a small sphere falling slowly.
For large bodies falling so rapidly that viscosity is of no consequence in comparison with the inertia of the liquid, q = 2 and vccvd(p' -p (4) This is the general form of the relationship deduced by Newton late in the 17th century, and which holds with fair accuracy for some cases of large rapidly falling bodies.'
In general Stokes' law corresponds to laminar flow and Newton's law to turbulent flow of the liquid past the body. It and t is a constant depending on the shape of the falling body.
Little data exists on the rate of passive sinking of freshwater planktonic organisms. Such information as has been recorded suggests that in the cases of bacteria, protozoa, unicellular algae and nearly all rotifers N . 0.5 and the rate of falling is therefore likely to be directly proportional to the square of the appropriate linear diameter, and to the density difference, and inversely proportional to the viscosity. For somewhat larger organisms the less well-known relationship derived by Allen may be expected to hold, the velocity being directly proportional to the appropriate linear diameter less a small correction, to the two-thirds power of the density difference and inversely to the cube root of the viscosity and density of the medium. It is unlikely that Newton's law is of any interest in the study of the plankton. Bowkiewicz2 who alone has attempted to go beyond Stokes' law in the study of sinking speeds unfortunately made two mistakes, one in the interpretation of his data and one in supposing that the reciprocal of the square root of the viscosity entered into Newton's formulation.
We have determined the rate of falling of a number of specimens of Daphnia sp. 13 of various sizes from Bantam Lake, Conn., at temperatures between 21.70 and 27.2°C., corresponding to viscosities between 0.0085 and 0.0097 poise. All specimens were narcotized with ethyl urethane and had open antennae; they sank at various angles, the long axis being inclined with the head upward at angles from about 100 to about 800 above the horizon. The experiments were conducted in a cylinder of internal diameter 7.8 cms. For a sphere of diameter d falling in such a cylinder the velocity must be raised by a factor of 1 + 27.1d) according to Ladenburg's correction for the effect of the walls of the vessel. In the case of our smallest animal if d be taken as the length of the body the correction would amount to multiplication by 1.016, in the case of the largest to multiplication by 1.048. Actually a sphere of diameter d has a larger volume than an .animal of length d and it is practically certain that such a correction would be excessive. VOL. 36, 1950 In figure 1 all the data, uncorrected for the effect of the walls, have been plotted against body length (exclusive of tail spine) on a double logarithmic grid. The maximum effect of the size of the vessel is indicated by the single open circle which is the' corrected position of the point immediately below it, and which almost certainly represents an overcorrection. Although there is a fair amount of irregularity, it is evident that the points tend to fall along the line of slope 2, corresponding to direct proportionality between velocity and the square of the length. It is probable that most of the irregularity is due to differences in the density dependent on differences in the nutritive condition of the animal. In so far as the rather uncertain correction for the effect of the walls of the vessel is significant, it would raise the values of the velocity for the larger animals a little, improving the fit at the upper end of the curve to a very slight extent.
A few determinations of sinking speeds for a series of animals of almost identical lengths (0.86-0.89 mm.) were made at different temperatures and so at different viscosities. The results are plotted in the lower part of figure 4, from which it can be seen that in spite of the meagerness of the data there is an evident inverse relationship with the first power of the viscosity. The passive sinking of D. sp. 1 both in its relation to the linear dimensions of the animal and in its relation to the viscosity of the medium thus clearly obeys the generalized form of Stokes' law. It is probable that the largest individuals, for which the length is 1.79 mm., and the velocity of sinking 0.24 cm. per sec. when the viscosity is 0.0097 poise, must come very close to the upper limit for the validity of the law. In such a case Reynold's Number, N, can hardly be very much less than 0-179 X 1 X 0-24 0.0097 4.43.
In figure 3 the mean sinking speed of three narcotized specimens of D. pulex, falling with closed antennae, are plotted from Eyden's data.4 A fourth specimen which changed density owing to reproduction dur-1.0 ing the experiment has been ex-0. animal to the unknown diameter different individuals. of the tube employed by Eyden was at least as great, and probably somewhat greater, in her experiments, than was the maximum ratio in those on D. sp. 1. The effect of the Ladenburg correction on Eyden's data would be to increase the slope of the line of best fit. The most reasonable interpretation of figure 3, therefore, is that these two small errors balance each other and that Allen's law holds, at least approximately.
The upper part of figure 4 indicates the relationship between mean sinking velocity and viscosity in experiments by Bowkiewicz with three specimens of D. magna, about 2 mm. long. These animals were narcotized, but unlike Eyden's, had open antennae. They certainly were considerably denser than the D. pulex employed in her experiments. Bowkiewicz concluded that the sinking speed in this case varied inversely as the square root of the viscosity. He therefore supposed that Newton's law held in this case. Both conclusions are erroneous. Newton's law contains no viscosity term while examination of the figure clearly shows that at least for narcotized animals the sinking speed is inversely proportional to the cube root of the viscosity. Some of Bowkiewicz' experiments with fixed Daphnia diverge somewhat from this relationship but so far as living animals are concerned the relationship of the velocity to viscosity is exactly as would be expected from Allen's Law. In these experiments the upper limit of Reynolds' Number, calculated as before, using the length of the animal as the appropriate linear dimension, lies between 10 and 16.
In figure 2 we have given observations on a few specimens of Daphnia sp. 27 from Bantam Lake, Conn. These animals are somewhat larger than most specimens of D. sp. 1 
